Abstract. Underwater deployable structures are known as Ocean Morphing Structures, which can be compacted and transported by underwater robots then morph into the final form upon arrival. The underwater deployable structures are made of waterproof fabrics to provide a lightweight, compact solution for the underwater application. This paper focuses on the fabric materials strength used for the ocean morphing structures' fabrication. The material of Polyethylene Terephthalate (PET) film and the glued seams are tested in dry and wet conditions. This work provides the experimental study of the physical strength for the effect of fabrication direction, fabric thickness and application environment.
Introduction
Oceans account for 71% area of the Earth, provide abundant food and mineral, pharmaceutical resources [1] . With the deployment of new technologies and approaches, deep ocean exploration has been a frontier research field for decades [2, 7] . The concept of underwater deployable structures was brought for marine large construction [3] . Deployable structures can be compacted and transported via underwater vehicles to their destination then morph into their final form upon arrival. Upon inflation, these structures can morph into final shapes that are a hundred times larger than their original volume. The deployable structure system includes the deployable structure, underwater pump, and other necessary instruments. Inflatable tubular structure is the main frame for the deployable structures, which are made of waterproof fabrics.
The constraints for the fabric are that it must be waterproof, thin-film, cost effective, and have negative buoyancy. We choose Polyethylene Terephthalate (PET) film as the material for the inflatable tube.
PET is the most common resin since it can withstand over a wide temperature range and has excellent mechanical properties. PET is a vigorous and impact-resistant fabric and can work well from semi-rigid to rigid states. PET can stay under water as it features a density of 1380 kg/m 3 and is resistant to low temperatures (-70 degrees Celsius). PET is also resistant to water, oil, acid, diluted alkalis, and most solvents. Thus, it can be used as water and oil barrier material. With these excellent physical and chemical properties, PET membrane is well-suited for marine applications.
In this paper, the materials preparation and experimental methods are provided, the fabric and seam elongation results are compared in different conditions to discuss the effects of wet condition, fabrication directions, and material thickness.
Materials and Methods

Materials
The original PET material fabrics are in roll condition. It is necessary to consider two directional (wrap and longitudinal) properties due to the material's orthotropic orientation. To obtain the value of the elastic modulus in the two directions, the samples are cut from the fabric parallel to the warp direction and the filling direction, as shown in Figure 1 .
The inflatable tube is glued by waterproof ducktape during fabrication. The seams specimen are prepared in the same way. 
Methods
Material tensile strength is one of the most important mechanical properties. There are two ASTM standards to obtain the tensile strength for fabrics and seam respectively, namely ASTM D5035-06 and ASTM D5822-03.
ASTM D5035-06, Standard test method for breaking force and elongation of textile fabrics (Strip Method), covers raveled strip and cut strip test procedures to determine the breaking strength and elongation of textile fabrics [4] . This standard can be used to obtain the strain-stress curves for longitudinal and wrap directions fabrics with different thicknesses and environmental conditions. ASTM D5822-03, Standard test method for determining seam strength in inflatable restraint cushions, covers the measurement of seam efficiency and the maximum seam strength from inflatable restraint cushion [5] . This standard provides the method for the glued seam strength test in different environmental conditions (dry and wet).
Experiments Test procedure
Before the strength test, the fabric and seam specimens were prepared under the guide of ASTM D5035 and ASTM D5822 respectively. The fabric and seam test sample information are shown in Table 1 and Table 2 , respectively.
It is worth mentioning that the PET membrane used in this experiment is a window film which contains two layers; one layer is the release liner, and the other is adhesive window film. From the thickness, it is obvious that the window film has a 0.01mm thick glue layer between the release liner and window film. The specimens are named following this convention: the first letter is the sample's condition (D: dry, W: wet); the second letter is the sample's orientation (L: longitudinal; W: wrap); the third letter indicates the testing purpose (F: fabric test; S: Seam strength test); the last one is for the film layers (A: release liner, B: window film, C: original window film with release liner). According to the fabric tensile test results, the material properties in two directions are almost the same. In this case, the samples for seam strength are only prepared for the longitudinal direction. Waterproof duct tape provides a sealing solution for the inflatable tubes; the curing time for the seams is around 4 hours. We define the wet condition to involve the specimens being immersed in water for at least 2 hours, and we finish the tensile test 2 minutes after being taken out of the water.
Testrescourses [6] 800LE series test system is used with GD751-240k grips to perform tensile tests for fabric and seam strength. An F500-B load cell is connected to actuators to measure the force. According to ASTM D5035 and D5822 instructions, we set the distance between the clamps to 75 mm and the loading rate is 300 mm/min. Figure 2 shows the test equipment for both fabric and seam strength test.
The samples are mounted in the grips of the test machine and pulled with a constant velocity to fatigue. Two marks are made on each specimen with 75mm distance to indicate the initial length and secure mounting between grips. The length between two grips and the pull force is recorded instantaneously by LVDT and load cell respectively during the experiment. The stress is calculated as the result of pull force divided by specimen cross-sectional area. The sample's cross-sectional area is the product of the width and the thickness, both of which are assumed to be constant during the test. The assumption is made because the tube is not under a high load condition. The strain is calculated by
where the L is the upper grip displacement, and L 0 is the initial displacement between two grips. 
Results
The tensile test results of specimens listed in Table 1 and 2 are shown in Figure 3 to Figure 6 . Figure 3 illuminates the wrap direction PET with stronger strength than the longitudinal ones. So we focus on the wrap direction PET specimens to obtain the effects of thickness, dry and wet conditions, which are shown in Figure 4 and Figure 5 respectively. The results of seam strength under different conditions are shown in Figure 6 . In order to reduce experimental error, all test data were grouped together to get the average material modulus from the trend line, where the slope value indicates the material elastic modules with unit as Pa. 
Discussions
Although the PET materials are supposed to be isotropy, there is a little difference for the specimens in different directions. The results illuminate that the thinnest release liner has the best tensile strength due to the PET fabrication. The PET for release liner is also known as BO-PET, which is a Biaxial Oriented, which makes the release liner stronger in wrap direction. We also can see that the release liner slightly affects the tensile strength for the combined specimen, DWF-C and WWF-C are little stronger than DWF-B and WWF-B. The experimental data also proved that the consistency of PET fabric in dry and wet conditions, where the specimens with different thickness shows the same tend. Since the sample elastic modulus are at the same level in dry and wet conditions, we confirm PET fabrics' anti-water ability. However, the results also show that the water reduces the strength of materials. The seams tensile strength is lower than fabrics', but the results show out the waterproof duct tape ability for sealing in the water.
Conclusion
PET fabric shows biaxial orient properties, so it is necessary to take a tensile test before structure fabrication to find out the best orientation. For the composite fabrics, the thicker fabric dominates the materials tensile strength. PET fabric water resistant is verified by the experiments, and the seam fabrication method is proved feasible for future experiments. The study of fabrics and seam tensile strength presents basis for the numerical simulation as well as next stage experiments in large scale for the inflatable structures.
